In this paper, we analyse the light variation of KIC 8840638 using the highprecision time-series data delivered by Kepler mission. The analysis reveals that the target KIC 8840638 is an eclipsing binary with a δ Scuti component, not a pure single δ Scuti star previously known. The frequency analysis of the high-precision short cadence light curve reveals 95 significant frequencies, most of them lies in the frequency range of 23−32 d −1 . Among them, 7 independent frequencies are detected in the typical frequency range of the δ Scuti variables. In addition, the orbital frequency f orb (=0.320008 d −1 ) and its harmonic are also detected directly in the frequency spectrum. The binary modeling using the Wilson-Devinney code indicate the binary system is in a semi-detached configures with a mass ratio of 1.6, an inclination angle of 16.9 degree, and a temperature difference of larger than 3000 K between the components. The locations of the components of KIC 8840638 indicate the primary star lies in the δ Scuti instability region below the terminal-age main-sequence, and the secondary star might be a evolved star.
Introduction
Eclipsing binaries (EBs) are often considered as primary source for us to obtain the fundamental stellar parameters precisely, such as the mass and radius for each component. These accurate parameters can be used to improve our knowledge for the stars and test stellar models (Torres et al. 2010 ). Furthermore, with high-precise and long term photometric time series, the mid-eclipse times can also be determined. These timing measurements can be used to find more components and/or investigate a variety of different physical phenomena causing the orbital period changes of EBs (Hilditch 2001; Kreiner et al. 2001) EBs with pulsating components are excellent objects for the study of stellar structure and evolution, as binarity could provides useful information about the components and asteroseismology of the pulsating components could probe into the interiors of stars. Among the pulsating EBs, more than 90 systems have been found to be δ Sct type EB, which was also called as 'oscillating eclipsing Algol (oEA) stars' (Mkrtichian et al. 2004; Liakos & Niarchos 2017) . δ Sct stars are short-period pulsators with spectral types A and F located in the lower part of the classical Cepheid instability strip. Their oscillating periods are in the range of 0.02-0.25 days and the amplitudes are usually less than 0.1 mag (Breger 2000; Rodríguez & Breger 2001) . They usually pulsate in low-order radial/non-radial pressure (p) modes, which are driven by κ mechanism acting in the partial ionization of He II. These modes can be used to probe the envelope of a star. The δ Sct variables in binaries have some pulsation features similar to the single δ Sct stars, but the pulsations of the former might be influenced by mass transfer between both components and gravitational forces from companions. Recently, a threshold in the orbital period of about 13 days was found by Liakos & Niarchos (2015 . Below this threshold the pulsations would be influenced by the binarity. Furthermore, in eccentric-orbit binaries, some pulsations can be excited by tidal interaction, and the resulting excited modes appears as the frequencies at multiples of the orbital frequency (Welsh et al. 2011; Hambleton et al. 2013) . Kepler mission Koch et al. 2010) has found more than 2878 eclipsing binaries (Kirk et al. 2016) , and at least 2000 δ Sct stars in its main field of view so far (Balona & Dziembowski 2011; Balona 2014; Bowman et al. 2016 Ramsay et al. (2014) according to the highest peak of the frequency spectra. Its pulsating period was reported as about 49.6 min and this target was considered as a mid-late A type star in that survey (Ramsay et al. 2014) . (Kjeldsen et al. 2010 ) with two types: the first is labled as 'raw' data which was produced by the NASA Kepler Science pipeline, and the second is the flux data corrected by KASOC Working Group 4 (WG#4: δ Scuti targets). We use the latter and perform corrections eliminating outliers, as well as the possible linear trends in some quarters. The flux data are converted to magnitude scale, then the mean value of each quarter is subtracted, and the rectified time series is obtained. The light curve of SC data is shown in Figure 1 . From the zoom in light curves (middle and bottom panels of Figure 1 ), the brightness of KIC 8840638 clearly show pulsations.
Pulsational Characteristics
To investigate the pulsating behavior, we used the software PERIOD04 (Lenz & Breger 2005) to perform Fourier analysis for the rectified data. To detect more significant frequencies in the SC data, we chose a frequency range of 0 < ν < 80 d −1 , a little wider than the typical pulsation frequency range of the δ Sct stars.
During the extraction of significant frequency, the highest peak in the frequency spectrum was considered as a significant frequency, then a multi-frequency least-squares fit using formula: m = m 0 + ΣA i sin(2π( f i t + φ i )) (m 0 is the zero-point, A i is the amplitude, f i is the frequency, and φ i is the corresponding phase) was conducted to the light curve with all the significant frequencies detected, resulting to the solutions of all the significant frequencies. A constructed light curve using the above solutions was subtracted from the data, and the residual was obtained to search for significant frequency in next step. Then, the above steps were repeated until there was no significant peak in the residual. The criterion (S/N > 4.0) suggested by Breger et al. (1993) was adopted to judge the significant peaks. The uncertainties of frequencies were calculated following Kallinger et al. (2008) .
A total of 95 significant frequencies were extracted and they were listed in Table 2 . As shown in Figure 2 and Table 2 , most of the detected frequencies lies in a region between 23 and 32 d −1 . Among these frequencies, seven strong frequencies, i.e. f 2 , f 4 to f 8 , and f 19 are considered to be independent frequencies, as they are neither any combinations nor harmonics of other frequencies, these seven frequencies are marked with 'independent' in the last column of Table 2.
In the low frequency region of 0 < ν < 1 d −1 , three frequencies, f 1 (=0.320008 d −1 ), f 3 (=0.639945 d −1 ) and f 62 (=0.959744 d −1 ) are interesting peaks. We examined these frequencies and found f 3 and f 62 are harmonics of f 1 . The lowest frequency f 1 might be due to the orbital motion of binary. In the frequency region of 35 < ν < 80 d −1 , only several peaks were detected and they mainly concentrate in a narrow region of 52 < ν < 58 d −1 . These frequencies are combinations and harmonics of the independent terms and the orbital frequencies. 
Binary Modeling
As listed in Table 1 , it is clear that the temperature discrepance of KIC 8840638 collected from KIC, GTC and Gaia2 is greater than 1500 K. Such a large inconsistency in the spectrum over a short time is puzzling for a δ Scuti star.
As shown in the top and middle panels of Figure 1 , the light variation of KIC 8840638 exhibit the typical shape of light curve shown in eclipsing binaries, which indicate KIC 8840638 might be an eclipsing binary containing a δ Scuti star. It is obviously that the depth of the primary and secondary eclipses are different, which indicate a large temperature difference between both components.
To clearly show the light variation due to the orbital motion from binary, the light curve is folded with the detected low frequency f 1 . The phase of SC data is shown in Figure 4 . There are 100 time bins in the phase. From this figure, the orbital phase of KIC 8840638 is clearly shown, so we marked the lowest frequency f 1 as orbital frequency in Table 2 .
In order to obtain the physical and geometrical parameters of this binary system, the 2013 version of the Wilson-Devinney (W-D) code (Wilson & Devinney 1971; Wilson 1979; Wilson 2012) was used to analyze the rectified SC data. Considering the multiperiodic pulsations and eclipsing of binary could both affect the solutions of observed light curves, the removal of pulsating signals will be more conducive to the solution of parameters of binary by W-D code. Thus, the pulsation signals from the Kepler data was smoothed out, leaving behind the light variations due to the binarity effects.
The initial effective temperature of the hotter and less massive component was set to be 7860 ± 120 K from GTC while the other's is 5736 ± 250 K which is released by Gaia2 (Andrae et al. 2018) . We defined parameters of the hotter component with subscript 1 and the cooler one with subscript 2. Based on the initial temperature of two components of KIC 8840638, the gravity darkening coefficients and the bolometric albedos are fixed at standard values of g 1 = 1.0, g 2 = 0.32 (Lucy 1967) , A 1 = 1.0 and A 2 = 0.5 (Ruciński 1969) . The bolometric (X and Y) and the monochromatic (x and y) limbdarkening coefficients in logarithmic form were taken from van Hamme (1993) . The adjustable parameters are: the orbit inclination i, the mean surface temperature of primary T 1 , the mean surface temperature of secondary T 2 , the mass ratio q, the bandpass luminosity of primary L 1 and the modified dimensionless surface potential, Ω 1 and Ω 2 .
The mass ratio q is usually a crucial parameter for the light curve analysis, but there is no one for KIC 8840638 at present, so we utilize a method called mass ratio search (q-search) to search for a reliable mass ratio q. In this search, q was fixed as a series of values and the weighted sum of squared deviations (W (O − C) 2 ) (hereafter ) of each solution generated by W-D code was used to estimate the potential reality of q. For each assumed mass ratio, q-search was applied for various modes which represent different solution constraints for binary stars, however, the results showed that only the Mode 5, which represents a semi-detached binaries where the secondary component fills its limiting lobe, could derive an acceptable photometric solution. Figure 3 shows the minimum value of is achieved at q = 1.40 in the q-search procedure. Then, the value of q (= 1.40) was set as an initial value and an adjustable parameter to perform the differential corrections. The solutions derived from the phase-folded light curve, which excludes the pulsational variations, are listed as Form 1 in Table 2 , and the synthetic light curve is shown in upper part of Figure 4 .
To investigate the influence of pulsation on the orbital parameters of the binary system, the observed Kepler light curve was also solved using W-D code, and the solutions (given as Form 2) are listed in the fourth and fifth columns of Table 2 . From Table 2 , we found the binary parameters from Form 2 are in good agreement with those from Form 1, which implies the photometric solutions of KIC 8840638 might not be influenced by the pulsation. Figure 4 shows the synthetic light curves from these two forms respectively, they match well with the corresponding observed phase-folded light curves.
For the primary component of KIC 8840638, its effective temperature (T = 7968 K) corresponds to a normal main-sequence star with a spectral type of about A6V according to the relationship by Harmanec (1988) . Based on the empirical relation between spectral type and the stellar mass, the mass of the primary component was estimated to be M 1 = 1.83 ± 0.18 M ⊙ , assuming an error 10 %. Then the luminosity of the primary component of KIC 8840638 can be derived from the photometric solutions and M 1 as to be L = 56 ± 4 L ⊙ . The location of the primary component of KIC 8840638 in H-R diagram is shown in Figure 5 , together with those of other well-studied semi-detached Algol binary systems collected by Ibanoǧlu et al. (2006) . From Figure 5 , the pulsating primary star of KIC 8840638 lies in the δ Scuti instability region and below the terminal-age main-sequence (TAMS).
DISCUSSION AND CONCLUSIONS
In this paper, we analyzed the light variation of KIC 8840638 using the Kepler SC observations obtained from Quarter 14 to 17. The light curve of this target exhibited both eclipes and oscillations, suggesting this object is a new pulsating EB, rather than a single star.
The binary light curve was satisfactorily modelled in two cases: including and removing the light variations due to the pulsations. The results indicate that the binary parameters are not affected by the pulsations and the binary system is in a semi-detached configuration with q=1.6. In this semi-detached model, the primary component fill F1= 85 % of their inner critical lobe. Here, the fill-out factor F1= Ω in / Ω 1 , where Ω in is the potential of the inner Roche surface. With Table 2 , respectively. ) 3.93 ± 0.13 6.35 ± 0.21 3.93 ± 0.13 6.35 ± 0.21 log g (cgs)
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Note. -a: Result for the light curve removing the pulsations. b: Result from the observed Kepler light curve. Ibanoǧlu et al. (2006) . The zero-age main-sequence (ZAMS) and terminal-age main-sequence (TAMS) are taken from the models in Pols et al. (1998) . The blue and red solid lines represent the blue and red edge of δ Scuti instability strip . the derived effective temperature (= 7968 K) and luminosity (= 56 L ⊙ ), the primary components of KIC 8840638 lies in the intersection of the δ Scuti strip and the main sequence in the H-R diagram.
In order to understand the pulsational characteristic of KIC 8840638, multiple-frequency analyses was applied to the observed Kepler SC time-series data. We detected 7 significant independent frequencies in the typical frequency range of δ Scuti stars. The period ratios of these independent frequencies to orbital periods were calculated to be P pul /P orb = 0.011 − 0.013, which is within the upper limit of 0.09 for δ Scuti stars in binaries (Zhang et al. 2013) . These values and the location on the H-R diagram reveal that the primary component of KIC 8840638 might be a δ Scuti star.
